Background. Breast reconstruction is an option for women with BRCA1 or BRCA2 mutations who elect to undergo prophylactic mastectomy to prevent breast cancer. We report on the uptake of breast reconstruction after prophylactic mastectomy in women with BRCA mutations from eight countries. Methods. Women with a BRCA1 or BRCA2 mutation were questioned regarding their cancer preventive practices. Information was recorded on prophylactic mastectomy and breast reconstruction. Results. A total of 1,635 women with a BRCA1 or BRCA2 mutation who elected to undergo prophylactic mastectomy from eight countries were included. A total of 1,137 women (69.5 %) had breast reconstruction after prophylactic mastectomy. A total of 58.7 % of women over the age of 45 years at the time of prophylactic mastectomy had breast reconstruction compared to 77.6 % of women 35 years of age or younger [odds ratio (OR) 0.36, 95 % confidence interval (CI) 0.26-0.50, p \ 0.001]. In addition, 62.9 % of women with a breast cancer diagnosis (contralateral prophylactic mastectomy) had breast reconstruction after prophylactic mastectomy compared to 79.7 % of women without a previous breast cancer diagnosis (OR 0.48, 95 % CI 0.38-0.61, p \ 0.001). A total of 66.9 % of women from Canada had breast reconstruction after mastectomy compared to 71.9 % of American women (OR 0.75, 95 % CI 0.59-0.96, p = 0.02). Conclusions. The majority of women elect for breast reconstruction after prophylactic mastectomy. However, younger women and those without a previous diagnosis of breast cancer are more likely to have breast reconstruction than older women or those with a previous diagnosis of cancer.
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Conclusions. The majority of women elect for breast reconstruction after prophylactic mastectomy. However, younger women and those without a previous diagnosis of breast cancer are more likely to have breast reconstruction than older women or those with a previous diagnosis of cancer.
A woman with a BRCA1 or BRCA2 mutation has up to an 80 % lifetime risk of developing breast cancer, and once diagnosed with breast cancer, has a 40 % lifetime risk of developing a contralateral breast cancer. [1] [2] [3] [4] For these women, prophylactic mastectomy is an option to reduce the risk of a first primary breast cancer or a subsequent contralateral breast cancer. For women with a BRCA mutation without breast cancer, bilateral prophylactic mastectomy offers at least an 87 % breast cancer risk reduction, and for those with a previous diagnosis of breast cancer, contralateral prophylactic mastectomy offers a 97 % risk reduction of developing a contralateral breast cancer. 4, 5 For those who elect for prophylactic mastectomy, breast reconstruction is an option. Little is known about the uptake of breast reconstruction after prophylactic mastectomy, including the predictors of uptake. Previous research in women with breast cancer undergoing mastectomy for surgical treatment has demonstrated that there are differences in uptake of breast reconstruction by country, age, and clinical features. [6] [7] [8] [9] [10] However, it is unclear if the same predictors would be observed in women undergoing prophylactic mastectomy.
We have recently shown in a large international study that there are great differences in uptake of cancer preventive procedures by BRCA1 and BRCA2 mutation carriers in various countries. 11 In a cohort of 2,677 women with a BRCA mutation, we observed rates of uptake of prophylactic mastectomy ranging from 3 to 36 %, depending on the country of residence. It is not known if the same is true for breast reconstruction after prophylactic mastectomy. In the current study, we report on uptake of breast reconstruction after prophylactic mastectomy in BRCA mutation carriers from eight countries.
METHODS

Study Population
Eligible subjects were drawn from a database of carriers of deleterious mutations in either the BRCA1 or the BRCA2 gene. These women have been assessed for genetic risk at 57 centers within eight countries (Austria, Canada, China, France, Italy, Norway, Poland, and the United States) and were found to carry a BRCA1 or BRCA2 mutation. All study subjects provided written informed consent for genetic testing. The study has been approved by the ethics committees of all participating centers. Subjects were eligible for this study if they were known to be a BRCA1 or BRCA2 mutation carrier and were older than 18 years. We studied both unaffected and affected women with breast cancer.
Procedures
Subjects completed a baseline questionnaire at the time of genetic testing, which assessed cancer history, breast cancer surgeries, and uptake of cancer prevention options (including prophylactic mastectomy) and breast reconstruction. Biannual follow-up questionnaires were administered by telephone or by mail. Questions assessed new diagnoses of breast cancer, breast cancer surgeries, and uptake of various cancer preventive options, including prophylactic surgery and breast reconstruction. The questionnaire is available upon request.
Statistical Analysis
The Chi square test was used to compare frequencies of categorical variables, such as differences in uptake of breast reconstruction among regions, and ANOVA was used to compare the mean values of continuous variables among different regions. Odds ratios were estimated by unconditional logistic regression. All statistical tests were performed by statistical software (SAS version 9.1.3, SAS Institute, Cary, NC, USA).
RESULTS
Demographics
Within the international database, 1,635 women with a BRCA1 or BRCA2 mutation from eight countries had a prophylactic mastectomy. Of those, 990 women (60.6 %) had a previous diagnosis of unilateral breast cancer and underwent a contralateral prophylactic mastectomy, and 645 women (39.4 %) had a bilateral prophylactic mastectomy for prevention of breast cancer. The mean age of the women at the time of prophylactic mastectomy was 44.5 years (range 23-79 years) for those with breast cancer and 42.5 years (range 20-77 years) for those with no previous diagnosis of breast cancer (p \ 0.0001). For those with breast cancer, the mean time between diagnosis (first surgery) and prophylactic mastectomy was 3.2 years. Table 1 presents the total number of prophylactic mastectomies by country. Rates of breast reconstruction after prophylactic mastectomy by country ranged from 50.0 % (in China) to 85.7 % (in France). Overall, 1,137 women (69.1 %) had breast reconstruction after prophylactic mastectomy. Of the 1,137 women with breast reconstruction after prophylactic mastectomy, 824 (72.5 %) had implants (either silicone or saline), 241 (21.2 %) had autologous reconstruction, and 62 (5.5 %) had a combined procedure (implant plus autologous) (0.8 % unknown).
Predictors of Breast Reconstruction After Prophylactic Mastectomy
Age at time of prophylactic mastectomy was examined as a possible predictor of breast reconstruction after prophylactic mastectomy. The mean age at time of prophylactic mastectomy for those who had breast reconstruction was 42.3 years (range 20-71 years), compared to a mean age at time of prophylactic mastectomy of 47.1 years (range 25-79 years) for those without breast reconstruction (p \ 0.0001). After adjusting for cancer status, BRCA mutation, and country, there were significant differences in mean ages between the two groups. Women over the age of 45 years at the time of prophylactic mastectomy were 64 % less likely to have breast reconstruction compared to those 35 years of age or younger [odds ratio (OR) 0.36, 95 % confidence interval (CI) 0.26-0.50, p \ 0.001] (Tables 2, 3) .
Rates of breast reconstruction after prophylactic mastectomy were examined by breast cancer status. For the 990 women with a previous diagnosis of breast cancer, 62.9 % had breast reconstruction after prophylactic mastectomy, compared to 79.7 % of women with no previous breast cancer (OR 0.43, 95 % CI 0.34-0.55, p \ 0.001). When we adjusted for age, BRCA mutation, and country, women with a breast cancer diagnosis were significantly less likely to have breast reconstruction after prophylactic mastectomy compared to women without a breast cancer diagnosis (OR 0.48, 95 % CI 0.38-0.61, p \ 0.001) ( Table 3 ).
Rates of reconstruction were then examined for only those women with breast cancer, by type of original breast cancer surgery (lumpectomy vs. mastectomy). Of the 314 women with lumpectomy as first cancer surgery followed by bilateral prophylactic mastectomy, 75.2 % had breast reconstruction. Of the 676 women with mastectomy for the surgical treatment of their breast cancer followed by contralateral prophylactic mastectomy, 57.1 % had breast reconstruction. After adjusting for age, BRCA mutation, and country, those with a lumpectomy as the initial surgical treatment for breast cancer were significantly more likely to have breast reconstruction after contralateral prophylactic mastectomy compared to those with mastectomy as their surgical treatment for breast cancer (OR 2.79, 95 % CI 2.02-3.85; p \ 0.001) ( Table 3) .
A total of 664 women were included from Canada and 842 women from the United States; 129 women were from other countries in Europe (Austria, France, China, Italy, Norway, and Poland) ( Table 1 ). In Canada, 66.9 % of the women had breast reconstruction after prophylactic mastectomy, compared to 71.9 % in the United States and 68.2 % in Europe. After adjusting for age, BRCA mutation, and cancer status, women in Canada were less likely to have breast reconstruction after prophylactic mastectomy compared to women in the United States (OR 0.75, 95 % CI 0.59-0.96, p = 0.02) ( Table 1) .
DISCUSSION
For women with a BRCA1 or BRCA2 mutation, prophylactic mastectomy is the option that offers the greatest protection against breast cancer, and it is increasing in popularity. 11, 12 Among women with breast cancer, the uptake of breast reconstruction is low. [6] [7] [8] [9] [10] 13 However, it is unclear if this is also true in women with prophylactic mastectomy. In this international study, we report on breast reconstruction after prophylactic mastectomy in women with a BRCA1 or BRCA2 mutation.
Overall, 69.1 % of the women with a BRCA mutation had breast reconstruction after prophylactic mastectomy. However, women with a previous breast cancer diagnosis were significantly less likely to have received breast reconstruction compared to those without breast cancer (62.9 vs. 79.7 %). Although this difference existed by breast cancer status, it should be noted that the breast reconstruction uptake of 62.9 % is considerably higher than any previous international report of breast reconstruction rates after cancer-related mastectomy.
International rates of breast reconstruction after mastectomy have ranged from 5 to 29 %. [7] [8] [9] [10] [13] [14] [15] [16] [17] [18] [19] [20] [21] This suggests that a woman is more likely to have breast reconstruction if she is having a mastectomy for prophylaxis rather than for the treatment of breast cancer. For those women with a previous diagnosis of cancer who underwent contralateral prophylactic mastectomy for the prevention of a contralateral breast cancer, the type of initial surgery for breast cancer (lumpectomy versus mastectomy) influenced the uptake of breast reconstruction. Even after controlling for age and country, women with a lumpectomy were almost three times more likely to have breast reconstruction after prophylactic mastectomy compared to women with a mastectomy as the initial surgical treatment. This could be explained by a woman's comfort and acceptance of body image associated with a previous mastectomy.
In the current international study, we have reported that women with a BRCA1 or BRCA2 mutation over the age of 45 years at the time of prophylactic mastectomy were 64 % less likely to have breast reconstruction compared to those 35 years of age or younger. Age has consistently been reported as a predictor of breast reconstruction for women having mastectomy for the surgical treatment for breast cancer. [7] [8] [9] [15] [16] [17] [18] 22, 23 Older women are much less likely to receive breast reconstruction after mastectomy (both immediate and delayed). In addition, we have previously reported on uptake of breast reconstruction in 123 Canadian women after bilateral prophylactic mastectomy (between 1991 and 2001). 24 Seventy-four (60 %) of the women had reconstructive breast surgery. Women younger than 50 years old were more likely to have reconstructive surgery after mastectomy than women 50 years or older (67.3 vs. 32.0 %; p = 0.002).
We have previously reported that in women with a BRCA1 or BRCA2 mutation, there are significant differences in uptake of cancer preventive options by country of residence. 11, 25 This includes bilateral prophylactic mastectomy and unilateral prophylactic mastectomy. 11, 25 In the current study, we have also observed significant differences in breast reconstruction rates after prophylactic mastectomy by country. Women from Canada were 25 % less likely to have breast reconstruction than women from the United States, even after adjusting for age, cancer status, and BRCA mutation. Although there is no known previous report of breast reconstruction after prophylactic mastectomy by country, there are reports from various countries of breast reconstruction after mastectomy for cancer. This trend may follow what is observed in breast reconstruction rates after mastectomy in Canada and the United States. Although there is no recently published population-wide data on breast reconstruction rates in Canada, in 1995-1996, the rate of breast reconstruction was 7.7 %. 13 This can be compared to American population-based reports of rates of breast reconstruction ranging from 8.5 to 29.2 %. [14] [15] [16] [17] [18] [19] [20] [21] The findings reported in the current study represent clinical practice from 57 cancer genetics clinics from throughout the world. Although this is one of the largest known databases of BRCA1 and BRCA2 mutation carriers in the world, it may not be representative of the practices throughout each of the countries represented here. In some countries, the total number of subjects included was small, and the subjects were from a single clinical center and therefore may not be representative.
Prophylactic mastectomy is an option for women with a BRCA1 or BRCA2 mutation. We found that the uptake of breast reconstruction after prophylactic mastectomy is considerably higher than what has previously been reported in women with a mastectomy for breast cancer. However, we have demonstrated that there are factors that influence the rate of breast reconstruction, including age and country of residence. Further research should examine why these differences exist.
